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1
ROTATION SENSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
U.S.C. §119 to Japanese Patent Application 2008-187341,
filed on Jul. 18, 2008, the entire content of which 1s 1ncorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention generally relates to a rotation sensor.

BACKGROUND

As an example of a rotation sensor, U.S. Pat. No. 7,046,
000B1 (related to JP2006-145528A and referred to as refer-
ence 1 hereinatter) discloses a rotation sensor, which includes
a detecting element detecting a rotation of a rotational mem-
ber and accordingly outputting a detection signal and which
outputs a pulse 1n response to the rotation of the rotational
member on the basis of the detection signal outputted from
the detecting element. The rotational member, of which rota-
tion 1s to be detected by the rotation sensor, includes plural
teeth at an outer circumierential portion thereof. The detect-
ing element 1s structured with a Hall element, a magnetic
resistance element, or the like. Such detecting element 1s
disposed to face one of the teeth of the rotational member.
When the rotational member rotates, each of the teeth of the
rotational member sequentially moves relative to the detect-
ing element. When each of the teeth moves relative to the
detecting element, the detecting element outputs the detec-
tion signal in response to a rotational speed of the rotational
member. The detection signal outputted from the detecting
clement 1s an analog signal, 1.e., a sine waved signal. The
rotation sensor further includes a pulse generating portion,
which generates the pulse 1n response to the rotation of the
rotational member on the basis of the detection signal, so that
the rotation sensor 1s applicable to a digital circuit of a micro-
computers, for example.

Such rotation sensor executes an initializing process, such
as a gain adjustment and an offset adjustment, 1n an 1nitializ-
ing period defined from a moment where a power supply
voltage 1s inputted to amoment where a predetermined ampli-
tude fluctuation 1s observed. Further, the rotation sensor 1s
applicable to detect a rotation of a wheel of a vehicle, a
rotation of a gear of a transmission, or the like. When the
vehicle 1s 1n a stopped state, the wheel or the gear of the
vehicle 1s 1n a non-rotating state. However, because a vehicle
body vibrates 1n accordance with an engine vibration, a dis-
tance between the rotational member and the detecting ele-
ment may periodically fluctuate. In the initializing period, the
rotation sensor determines whether the periodic amplitude
fluctuation 1s due to the vibration or due to the rotation of the
rotational member, 1n addition to executing the 1nmitializing
process.

Further, the rotation sensor may determine a rotational
direction of the rotational member 1n the 1mtializing period.
Asdisclosed1in U.S. Pat. No. 6,492 ,804B2 (related to JP2001 -
165951A and referred to as reference 2 hereinafter), when the
rotational direction 1s determined, the rotation sensor outputs
pulse signals having different waveforms 1n response to the
determined rotational direction. The rotation sensor thus 1ndi-
cates the rotational direction of the rotational member.
Because the rotational direction 1s determined not only when
the power supply voltage 1s inputted but also when the rota-
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2

tional directions are switched, an adjustment period corre-
sponding to the mitializing period 1s set even when the rota-
tional member rotates. Further, the wvibration and the
rotational direction of the rotational member are required to
be detected even when the rotational member temporarily
stops to rotate. Accordingly, the adjustment period corre-
sponding to the imitializing period 1s set also when the rota-
tional member temporarily stops to rotate.

In such mitializing period, the adjustment period and 1n a
vibration determining period, the rotation sensor 1s set not to
output the pulse signal, 1.e., an output of the rotation sensor 1s
masked. In recent years, the output of the rotation sensor 1s
utilized to a control device for an ABS (anti-lock brake sys-
tem ), a control device for switching power sources of a hybrid
vehicle, for example. Such control devices require to rapidly
receive information regarding the rotation of the rotational
member. Accordingly, even 1n a predetermined period such as
the mitializing period and the adjustment period where the
rotation of the rotational member may not be detected, the
rotation sensor 1s required to rapidly output such information
regarding the rotation of the rotational member.

A need thus exists for a rotation sensor which 1s not sus-
ceptible to the drawback mentioned above.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, a rotation
sensor mcludes a detecting portion, a rotational state deter-
mining portion and a pulse generating portion. The detecting
portion detects a rotation of a rotational member and outputs
a detection signal. The rotational state determining portion
determines a rotational state of the rotational member on the
basis of the detection signal in a predetermined period. The
pulse generating portion generates and outputs a first pulse
and a second pulse, of which wavetorms differ from each
other, 1n response to a rotational direction of the rotational
member after the predetermined period. The pulse generating,
portion further generates and outputs a third pulse regardless
of the rotational state of the rotational member 1n the prede-
termined period.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and additional features and characteristics
of the present invention will become more apparent from the
following detailed description considered with the reference
to the accompanying drawings, wherein:

FIG. 11s a block diagram schematically illustrating a struc-
ture of a rotational sensor according to first, second, and third
embodiments;

FIG. 2A 15 an explanatory view for indicating a process to
detect a rotational direction of a rotational member, 1llustrat-
ing detection signals outputted when the rotational member
rotates 1n a first rotational direction;

FIG. 2B 1s an explanatory view for indicating the process to
detect the rotational direction of the rotational member, 1llus-
trating the detection signals outputted when the rotational
member rotates 1n a second rotational direction;

FIG. 3 1s a timing chart 1llustrating a process to determine
a rotational state of the rotational member 1n a determining
period;

FIG. 4 15 a flowchart illustrating the process to determine
the rotational state of the rotational member in the determin-
ing period;

FIG. 5A 1s a timing chart 1llustrating an example of a pulse
output in the determining period according to the first
embodiment;
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FIG. 5B 1s a timing chart 1illustrating an example of the
pulse output 1n the determining period according to the first
embodiment;

FIG. 5C 1s a timing chart 1llustrating an example of the
pulse output 1n the determining period according to the first
embodiment;

FIG. 6A 1s a timing chart 1llustrating an example of the
pulse output 1n the determining period according to the first
embodiment;

FIG. 6B 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the first
embodiment;

FIG. 6C 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the first
embodiment;

FIG. 7A 1s a timing chart illustrating an example of a pulse
output 1n a determining period according to a known rotation
SEeNnsor;

FIG. 7B 1s a timing chart 1llustrating an example of the
pulse output in the determining period according to the
known rotation sensor;

FIG. 7C 1s a timing chart illustrating an example of the
pulse output in the determining period according to the
known rotation sensor;

FIG. 8A 1s a timing chart 1llustrating an example of the
pulse output in the determining period according to the
known rotation sensor;

FIG. 8B 1s a timing chart 1llustrating an example of the
pulse output in the determining period according to the
known rotation sensor;

FIG. 8C 1s a timing chart illustrating an example of the
pulse output in the determining period according to the
known rotation sensor;

FIG. 9A 1s a timing chart 1llustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 9B 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 9C 1s a timing chart 1illustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 10A 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 10B 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 10C 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the sec-
ond embodiment;

FIG. 11A 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment;

FIG. 11B 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment;

FIG. 11C 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment;

FIG. 12A 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment;

FIG. 12B 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment; and
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FIG. 12C 1s a timing chart illustrating an example of the
pulse output 1n the determining period according to the third
embodiment.

DETAILED DESCRIPTION

A first embodiment of the present mmvention will be
described below with reference to the attached drawings. As
illustrated in FIG. 1, a rotation sensor 1 includes a detecting
portion 2 and a calculating portion 3. The detecting portion 2
detects a rotation of a rotational member 7 and accordingly
outputs detection signals A and B. The calculating portion 3
generates pulses In response to a rotational direction of the
rotational member 7 on the basis of the detection signals A
and B. The detecting portion 2 includes detecting elements
11, differential amplifiers 12, peak hold circuits (PD) 13,
bottom hold circuits (BD) 14 and comparators 16. Each of the
peak hold circuits 13 and the bottom hold circuits 14 1s
employed for setting a threshold value. The comparators 16
respectively generate the detection signals A and B on the
basis of the set threshold value. The calculating portion 3
includes a rotational state determining portion 4 and a pulse
generating portion 3. The rotational state determining portion
4 determines the rotational direction of the rotational member
7 on the basis of the detection signals A and B and also
determines whether the rotational member 7 rotates or
vibrates. The pulse generating portion 5 generates the pulses
to be outputted on the basis of a result outputted by the
rotational state determining portion 4.

According to the first embodiment, the rotation sensor 1
outputs the pulses as a current signal. With reference to FIG.
1, the reference numeral 6 indicates an output portion for
outputting the pulses as the current signal, and the reference
numeral 8 indicates an internal power supply of the rotation
sensor 1. According to the first embodiment, a voltage regu-
lator (REG) 1s employed as the internal power supply. The
voltage regulator 8 generates a reference voltage on the basis
ol a power supply voltage which 1s supplied from an external
power source of the rotation sensor 1. According to the first
embodiment, an ECU (electronic control unit) 9 serves as the
external power source of the rotation sensor 1. The ECU 9
receives an output of the rotation sensor 1, thereby executing
various controls.

Each of the detecting elements 11 1s structured with a Hall
clement, a magnetic resistance element, or the like. The rota-
tional member 7 includes plural teeth 7a at an outer circum-
terential portion thereof. Each of the detecting elements 11 1s
disposed to face one of the teeth 7a of the rotational member
7. Each of the detecting elements 11 detects, at a detection
surface thereof, a change of a magnetic flux generated 1n
accordance with the rotation of the rotational member 7 and
converts the detected magnetic flux into an electrical signal of
which amplitude fluctuates 1n accordance with the rotation of
the rotational member 7. According to the first embodiment,
the rotation sensor 1 includes three detecting elements 11

first, second and third detecting elements 11). The three
detecting elements 11 structure two pairs of detecting ele-
ments 11 while commonly using one of the three detecting
clements 11 between the two pairs, 1.e., the first and second
detecting elements 11 structure a first pair of detecting ele-
ments 11, while the second and third detecting elements 11
structure a second pair of detecting elements 11. The differ-
ential amplifiers 12, the peak hold circuits (PD) 13, the bot-
tom hold circuits (BD) 14 and the comparators 16 are respec-
tively connected to two pairs of the detecting elements 11. A
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difference between the outputs of the two detecting elements
11 structuring each pair 1s calculated by the corresponding
differential amplifier 12.

The difference between the two detecting elements 11
structuring each pair 1s outputted by the corresponding dif-
terential amplifier 12 as a sine-waved analog signal. Then, the
analog signal outputted by each differential amplifier 12 1s
inputted to the corresponding peak hold circuit (PD) 13 and
the bottom hold circuit (BD) 14. The peak hold circuit (PD)
13 and the bottom hold circuit (BD) 14 measure a wave height
value (peak-to-peak value) and then set the threshold value by
dividing the voltage of the wave height value, for converting
the sine-waved analog signal to the square shaped detection
signals A and B. A threshold value setting method 1s disclosed
in U.S. Pat. No. 7,046,000B1 (reference 1), for example, so
that a detailed description of the threshold value setting
method 1s omitted herein. Fach of the comparators 16
includes a hysteresis. Further, the comparators 16 respec-
tively convert the sine-waved analog signals to the square
shaped detection signals A and B on the basis of the threshold
values set by the peak hold circuits 13 and the bottom hold
circuits 14.

An mitializing process, such as an offset adjustment for
offsetting an amplifying factor of each differential amplifier
12 and the threshold value to be used 1n each comparator 16,
1s executed 1n an mnitializing period 1 (specifically 1n a cali-
brating period ¢) which 1s set when a power supply voltage 1s
inputted to the rotation sensor 1, as will be described below 1n
detail.

Each detecting element 11 1s disposed while being distant
from the each adjacent detecting element 11 by a quarter of a
pitch of the teeth 7a of the rotational member 7. Accordingly,
as illustrated in FIGS. 2A and 2B, a phase of the detection
signal A and a phase of the detection signal B are deviated
from each other by a quarter of the phases. Herein, a raising
point of the square shaped wave of the detection signal A 1s
assigned as an edge e, for example. As 1llustrated in FIG. 2A,
in a condition where the phase of the detection signal A
precedes the phase of the detection signal B, the detection
signal B 1s 1n a low level at a point corresponding to the edge
¢ of the detection signal A. On the other hand, as illustrated 1n
FIG. 2B, 1n a condition where the phase of the detection signal
B precedes the phase of the detection signal A, the detection
signal B 1s 1 a high level at the point corresponding to the
edge ¢ of the detection signal A. Thus, with reference to an
edge of one of the detection signals A and B (according to the
embodiment, the edge e of the detection signal A), a relation-
ship between the phases of the detection signals A and B 1s
obtained, and the rotational direction of the rotational mem-
ber 7 1s accordingly detected on the basis of the relationship
between the phases of the detection signals A and B.

As 1llustrated 1n FIG. 3, a determining period (serving as a
predetermined period) includes the mitializing period 1, in
which the 1nitializing process 1s executed immediately after
the power supply voltage 1s inputted. The determining period
turther includes a vibration determining period b, in which
whether the rotational member 7 rotates or vibrates without
rotating 1s determined. According to the firstembodiment, the
initializing period 1 includes the calibrating period ¢ and the
vibration determining period b. In the calibrating period (ad-
justing period) ¢, an mnitial setting of the amplification factor,
the threshold value, and the like, of the detecting portion 2 are
adjusted for detecting the rotational direction of the rotational
member 7. Further, according to the first embodiment, the
vibration determiming period b 1s also set 1n a condition where
the rotational directions of the rotational member 7 are
switched.
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The calibrating period ¢ ranges five pulses of the detection
signal A (and/or the detection signal B), for example. In the
calibrating period c, the detecting portion 2 executes the
initial setting of the amplification factor, and the rotational
state determining portion 4 accordingly detects the rotational
direction of the rotational member 7. In the calibrating period

c, a calibration flag CF of a flag F indicates an active state
thereof.

The vibration determining period b ranges three pulses of
the detection signal A (and the detection signal B), for
example. Thus, according to the first embodiment, the 1mitial-
1zing period 1 totally ranges 8 pulses of the detection signal A
(and/or the detection signal B). In the vibration determining,
period b, the rotational state determining portion 4 determines
whether or not three rotations of the rotational member 7 1n
the same direction are sequentially detected. Specifically, the
rotational state determining portion 4 determines whether or
not one of a first rotation cycle (normal rotation cycle) and a
second rotation cycle (which 1s a reverse rotation cycle rela-
tive to the first rotation cycle) 1s repeated sequentially for
three times. In a condition where one of the first rotation cycle
and the second rotation cycle 1s not repeated sequentially for
three times, the rotational state determining portion 4 deter-
mines that the rotational member 7 vibrates 1n a stopped state
without rotating (non-rotating state). In the vibration deter-
mining period b, a vibration tlag BF of the flag F indicates an
active state thereol. The wvibration determining period b,
which 1s to be provided when the rotational directions of the
rotational member 7 are switched (not when the power supply
voltage 1s mputted), 1s set 1n a condition where the cycle of
output pulse 1s longer than a predetermined time and/or 1n a
condition where detection result does not show the continuity
ol the rotation of the rotational member 7 1n the same rota-
tional direction.

Heremafiter, a process to determine the rotational state of
the rotational member 7 1n the determining period (1, ¢, b), and
examples of the pulse output in the determining period
according to the first embodiment will be described with
reference to FIGS. 4, SA-5C and 6A-6C.

First, the calculating portion 3 (specifically, the rotational
state determining portion 4) determines whether or not the
flag F (1.e., the calibration flag CF and the vibration determi-
nation tlag BF) 1s 1n the active state, 1.e., whether or not the
flag F 1s 1n the active state (Step S1). In a condition where the
flag F 1s not in the active state, the rotational direction of the
rotational member 7 1s determined on the basis of the detec-
tion signals A and B as described above (Step S2). Then, in a
condition where the rotational state determining portion 4
determines that the rotational member 7 rotates in a {first
rotational direction (normal rotational direction), a first pulse
(normal rotation pulse) 1s outputted as 1llustrated in FIGS. 5A
and 6 A after the determining period (1, ¢, b) elapses (Step S4).
On the other hand, 1n a condition where the rotational state
determining portion 4 determines that the rotational member
7 rotates 1n a second rotational direction (which 1s a reverse
rotational direction relative to the first rotational direction), a
second pulse (reverse rotation pulse) 1s outputted as 1llus-
trated 1n F1IGS. 5B and 6B after the determining period (1, ¢, b)
clapses (Step S5). In other words, the pulse generating portion
5 generates one of the first pulse and the second pulse, of
which waveforms differ from each other, on the basis of the
determination result of the rotational state determining por-
tion 4 1n response to the rotational direction of the rotational
member 7 after the determining period (1, ¢, b) elapses and
then outputs the one of the first and second pulses via the
output portion 6.
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In a condition where the rotational direction of the rota-
tional member 7 1s not specifically determined, 1.e., for
example 1n a condition where the rotational state determining
portion 4 does not detect that one of the first and second
rotation cycles 1s repeated sequentially for three times, the
pulse generating portion 5 does not output any of the first
pulse and the second pulse as 1llustrated 1n FIGS. 5C and 6C.

According to the first embodiment, the first pulse and the
second pulse are outputted as signals having different pulse
width. Specifically, according to the first embodiment, the
pulse width of the first pulse 1s indicated as W1, while the
pulse width of the second pulse 1s indicated as W2. In order to
simplily the description hereinatter, the pulse width W1 1s
assigned as S0 us, while the pulse width W2 1s assigned as 100
us. In a condition where a wheel of the vehicle 1s employed as
the rotational member 7, the frequency of the output pulse 1s
set to 3-5 kHz. In a condition where a gear of an automatic
transmission 1s employed as the rotational member 7, the
frequency of the output pulse 1s set to 5-10 kHz.

In a condition where the rotational state determining por-
tion 4 determines that the Flag F 1s in the active state i Step
S1, the first pulse 1s outputted as illustrated 1n FIGS. 5A-5C
and 6A-6C (Step S3). The pulse generating portion 3 gener-
ates the third pulse 1n the determining period (1, ¢, b) regard-
less of the rotational state of the rotational member 7 and
outputs the third pulse through the output portion 6. The third
pulse 1s generated and outputted synchronously with the
detection signal A (or the detection signal B). Accordingly,
although the third pulse does not include information regard-
ing the rotational direction of the rotational member 7, the
third pulse essentially includes information regarding a rota-
tional speed of the rotational member 7 1n the same manner as
the first and second pulses. According to the first embodi-
ment, the wavelorm of the third pulse differs from the wave-
torm of each of the first and second pulses. The pulse width of
the third pulse 1s indicated as W3. Heremnatter, in order to
simplity the description, the pulse width W3 1s assigned as 75

LS.
According to the first embodiment, because the pulse width

W3 of the third pulse differs from each of the pulse widths W1
and W2, the wavetorm of the third pulse differs from the
wavelorm of each of the first and second pulses. However, the
invention 1s not construed as limited to this embodiment. For
example, the third pulse may include an amplitude (wave
height) which differs from that of each of the first and second
pulses. Further, the wavelorm of the third pulse 1s not limited
to the square shape. Alternatively, the third pulse may include
a synthesized wavelform by combining plural square shaped
waves of which wave heights differ from each other.

FIGS. 7A-7C and 8 A-8C are timing charts each illustrating,
an example of a pulse output in a determining period accord-
ing to a known rotation sensor (i.e., FIGS. 7TA-7C and 8 A-8C
respectively correspond to FIGS. SA-5C and 6 A-6C accord-
ing to the first embodiment). As illustrated 1n FIGS. 7TA-7C
and 8 A-8C, according to the known rotation sensor, any pulse
1s not outputted in the determining period including the 1ni-
tializing period 1, the calibrating period ¢ and the vibration
detecting period b. Accordingly, in the determining period,
information regarding a rotational state of a rotational mem-
ber (specifically including information whether the rotational
member vibrates or rotates) 1s not inputted to an ECU. To the
contrary, according to the first embodiment, because the third
pulse 1s outputted, the ECU 9 receives the Information regard-
ing the rotational state of the rotational member 7 even in the
determining period (1, ¢, b).

In the condition where the rotational member 7 rotates in
one of the first and second rotational directions without being
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1n a vibrating state, a gain adjustment and an offset adjustment
may be completed 1n an early time in the imtializing period 1.
Accordingly, 1n such condition, the third pulse 1s outputted as
a signal substantially accurately indicating at least the rota-
tional speed of the rotational member 7. The ECU 9 recerving
the third pulse estimates the rotational state of the rotational
member 7 on the basis of the third pulse even in the deter-
mining period (1, ¢, b) of the rotation sensor 1. In recent years,
the output of the rotation sensor 1 is utilized for a control
device of an ABS (anti-lock brake system) and for a control
device for switching power sources ol a hybrid vehicle, for
example. Accordingly, such control devices requires to rap-
1dly receive the information regarding the rotation of the
rotational member 7. According to the first embodiment, the
control device (ECU 9) rapidly recetves such information
regarding the rotation of the rotational member 7 because of
the third pulse.

As described above, the third pulse 1s generated and out-
putted synchronously with the detection signal A (or the
detection signal B). In other words, 1n a condition where the
rotational member 7 1s 1n a fully stopped state without rotating
or vibrating and the detecting elements 11 do not detect any
physical change, the third pulse 1s not necessarily outputted.
However, even in such condition, the calculating portion 3
may generate and output a predetermined pulse without being
interfered.

A second embodiment of the present mnvention will be
described herembelow. According to the first embodiment,
the wavelorm of the third pulse differs from the wavetorm of
cach of the first pulse and the second pulse. However, the third
pulse may include the same wave from as one of the first and
second pulses. Hereinalter, examples of the pulse output 1n
the determining period (1, ¢, b) according to the second
embodiment will be described with reference to FIGS. 9A-9C
and 10A-10C.

In the same manner as the first embodiment, first, when the
calculating portion 3 (specifically, the rotational state deter-
mining portion 4) determines that the flag F 1s in the active
state 1n Step S1, the third pulse 1s outputted (Step S3) as
illustrated 1n FIGS. 9A-9C and 10A-10C. Then, the pulse
generating portion 3 generates the third pulse 1n the determin-
ing period (1, ¢, b) regardless of the rotational state of the
rotational member 7 and outputs the third pulse via the out-
putting portion 6. According to the second embodiment, the
third pulse includes the same wavetform as one of the first and
second pulses. Specifically, the third pulse 1s arranged to
include the same wavetorm as a pulse outputted in response to
an 1nitially determined rotational direction.

The third pulse 1s outputted in a condition where the rota-
tional state and the vibration state of the rotational member 7
are not determined. In other words, the third pulse 1s 6 out-
putted regardless of the rotational state of the rotational mem-
ber 7, Accordingly; although the iitially determined rota-
tional direction 1n the determining period (1, ¢, b) may not be
accurate, the wavetorm of the third pulse 1s determined 1n an
carly time of the determining period (1, ¢, b). Thus, the third
pulse 1s appropriately outputted over the entire determining
period (1, c, b).

Further, even in the condition where the third pulse does
not accurately indicate the rotational direction of the rota-
tional member 7, at least the rotational speed of the rotational
member 7 1s outputted 1n the determining period (1, ¢, b) and
an accurate pulse (first or second pulse) 1s outputted after the
determining period (1, ¢, b) elapses. Further, 1n the condition
where the rotational member 7 normally rotates 1n one of the
first and second rotational directions, the accurate rotational
direction of the rotational member 7 1s determined, with high

[
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possibility, in the early time of the determining period (1, ¢, b).
In such condition, the rotation sensor 1 outputs the pulse (first
or second pulse) in response to the rotational direction of the
rotational member 7 1n an early stage. The ECU 9, which 1s
configured to use the output of the rotation sensor 1, estimates
the rotational state of the rotational member 7 on the basis of
the third pulse so as to start a predetermined control in
response to the rotational state of the rotational member 7.
As 1llustrated in FIGS. 7A-7C and 8A-8C, the known rota-
tion sensor does not output any pulse in the determiming
period (in the initializing period 1, the calibrating period ¢, and
the vibration detecting period b, for example). Thus, 1n the
determining period, the mmformation regarding the rotational
state of the rotational member (specifically including infor-
mation whether the rotational member rotates or vibrates) 1s
not mputted to the ECU. To the contrary, according to the
second embodiment, because the third pulse 1s outputted, the
ECU 9 receives the information regarding at least the rota-
tional speed of the rotational member 7 even 1n the determin-
ing period (1, ¢, b). Further, according to the second embodi-
ment, because the pulse (the third pulse) 1s outputted in
response to the mitially determined rotational direction 1n of
the determining period (1, ¢, b), the ECU 9 estimates the
rotational state of the rotational member 7 on the basis of the
third pulse so as to start the predetermined control 1n response
to the rotational state of the rotational member 7. The output
ol the rotation sensor 1 1s utilized for a control device of an
ABS (anti-lock brake system) and for a control device for
switching power sources of a hybrid vehicle. Accordingly,
such control device requires to rapidly receive the informa-
tion regarding the rotation of the rotational member 7.
According to the second embodiment, the control device
(ECU 9) rapidly recerves such information regarding the rota-

tion of the rotational member 7 because of the third pulse.

A third embodiment will be described hereinbelow with
reference to FIGS. 11A-11C and 12A-12C. According to the
second embodiment, the third pulse includes the same wave-
form as one of the first and second pulses. Specifically,
according to the second embodiment, the third pulse 1is
arranged to include the same wavetorm as the pulse outputted
in response to the mitially determined rotational direction.
However, the third pulse may include the same waveform as
a pulse outputted in response to a rotational direction opposite
to the mitially determined rotational direction. Hereinaftter,
examples of the pulse output in the determining period (1, ¢, b)
according to the third embodiment will be described with
reterence to FIGS. 11A-11C and 12A-12C.

In the same manner as the first and second embodiments,
first, when the calculating portion 3 (specifically, the rota-
tional state determining portion 4) determines that the flag F
1s 1n the active state 1in Step S1, the third pulse 1s outputted
(Step S3) as illustrated 1n FIGS. 11A-11C and 12A-12C.
Then, the pulse generating portion 3 generates the third pulse
in the determining period (1, ¢, b) regardless of the rotational
state of the rotational member 7 and outputs the third pulse via
the outputting portion 6. According to the third embodiment,
the third pulse includes the same wavelform as one of the first
and second pulses. Specifically, the third pulse 1s arranged to
include the same wavetorm as the pulse outputted in response
to the rotational direction opposite to the mitially determined
rotational direction. In the same manner as the second
embodiment, the third pulse 1s outputted in the condition
where the rotational state and the vibration state of the rota-
tional member 7 1s not determined. Accordingly, although the
third pulse includes the same wavetorm as one of the first and
second pulses, the third pulse 1s outputted regardless of the
rotational state of the rotational member 7.
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In the condition where the rotational member 7 normally
rotates 1n one of the first and second rotational directions, the
accurate rotational direction i1s determined, with high possi-
bility, 1n the early time of the determining period (1, c, b).
Specifically, in the condition where the mitially determined
rotational direction 1n the determiming period (1, ¢, b) 1s accu-
rate, a pulse which 1s different from the third pulse (1.e., the
first or second pulse) 1s outputted after the determining period
(1, ¢, b) elapses. Thus, the rotation sensor 1 outputs one of the
first to third pulses while distinguishing the determining
period (1, ¢, b) and a time after the determining period.

The 1nitially determined rotational direction in the deter-
mining period (1, ¢, b) may not surely be accurate. In other
words, the rotation sensor 1 may not surely output one of the
first to third pulses while distinguishing the determining
period (1, ¢, b) and the time after the determining period.
However, according to the third embodiment, because the
wavelorm of the third pulse 1s determined 1n the early time of
the determining period (1, ¢, b), the third pulse 1s appropnately
outputted over the entire determining period (1, ¢, b). Thus,
even 1n the determining period (1, ¢, b), the ECU 9 receives
information including at least the rotational speed of the
rotational member 7. The ECU 9 estimates the rotational state
of the rotational member 7 on the basis of the third pulse so as
to start the predetermined control in response to the rotational
state of the rotational member 7.

On the other hand, 1n a condition where the rotational
member 7 1s 1n the stopped state or 1n a condition where the
rotational member 7 rotates at low speed (approximately-
stopped state), the detecting portion 2 may detect, at high
possibility, a noise component due to vibration or the like
rather than detecting the rotation of the rotational member 7.
According to the third embodiment, even 1n the condition
where the rotational member 7 1s 1n the stopped state or 1n the
approximately-stopped state, the rotation sensor 1 outputs the
pulse (the third pulse) in response to the rotational direction
opposite to the mitially determined rotational direction in the
determining period (1, ¢, b), 1.e., specifically, 1 response to a
rotational direction opposite to a rotational direction which 1s
determined on the basis of a mitially outputted detection
signal A or B, for example. Accordingly, the rotation sensor 1
outputs the pulse (first or second pulse) 1n response to the
rotational direction at the early stage while restraining an
influence of a detection result due to vibration fluctuation of
such noise.

As described above, an effect where the determining period
(1, ¢, b) and the time after the determining period are accu-
rately distinguished 1s obtained 1n the second embodiment,
while an effect where the mnfluence of the detection result due
to the vibration fluctuation of noise 1s restrained 1s obtained in
the third embodiment. The rotation sensor 1 1s configured to
suit an environment where a device including the rotation
sensor 1 1s applied and/or to suit a usage manner of the
rotation sensor 1 1n order to obtain one of such efiects.
According to the first to third embodiments, the rotation
sensor 1 outputs the third pulse, which 1s the signal substan-
tially accurately indicating at least the rotational speed of the
rotational member 1, 1n the determining period (1, ¢, b).

Accordingly, the wavetorm of the third pulse may be prede-
termined so as to suit the environment where the rotation

sensor 1 1s applied and/or the usage manner of the rotation
sensor 1.

Thus, according to the first to third embodiments, the rota-
tion sensor 1 rapidly outputs the pulse (the third pulse) in
response to the rotation of the rotational member 7 even 1n the
determining period (1, ¢, b) including the mitializing period 1.




US 8,164,324 B2

11

Specifically, according to the first to third embodiments,
the third pulse includes the information regarding the rota-
tional speed of the rotational member 7.

The determining period (the predetermined period)
includes the vibration determining period b. The rotational
state determining portion 4 determines whether the rotational
member 7 rotates or vibrates without rotating in the vibration
determining period b. The pulse generating portion 35 gener-
ates and outputs the third pulse 1n the vibration determining
period b. When the rotational state determining portion 4
determines that the rotational member 7 rotates 1n the vibra-
tion determining period b, the pulse generating portion 35
generates and outputs one of the first pulse and the second
pulse in response to the rotational direction of the rotational
member 7 after the vibration determining period b elapses.

Further, the determining period (the predetermined period)
includes the mitializing period 1 having the calibrating period
¢ and the vibration determining period b. The pulse generat-
ing portion 5 generates and outputs the third pulse 1n the
initializing period c.

In a condition where any pulse 1s outputted in the deter-
mimng period (1, ¢, b), the rotation sensor 1 may not detect the
rotational state of the rotational member 7 (specifically,
whether the rotational member rotates or vibrates) in the
determining period (1, ¢, b). However, according to the first to
third embodiments, the external portion (the ECU 9) receives
the information regarding the rotational state of the rotational
member 7 even 1n the determining period (1, ¢, b) because the
third pulse 1s outputted in the determining period (1, ¢, b). For
example 1n the condition where the rotational member 7
rotates 1n one of the first and second rotational directions
without being in the vibrating state, the 1mitializing process
such as the gain adjustment and the offset adjustment may be
completed 1n the early time of the determiming period (1, ¢, b).
Accordingly, the third pulse 1s outputted as a signal substan-
tially accurately indicating at least the rotational speed of the
rotational member 7. Thus, according to the first to third
embodiments, the rotation sensor 1 rapidly outputs the pulse
(third pulse) in response to the rotation of the rotational mem-
ber 7 even 1n the determining period (1, ¢, b) including the
initializing period 1. In a condition where the rotation sensor
1 1s applied to a vehicle, the output of the rotation sensor 1 1s
adapted to be utilized to a control device of an ABS (anti-lock
brake system) and a control device for switching power
sources of a hybrid type vehicle. Accordingly, such control
devices require to rapidly recerve the information regarding
the rotation of the rotational member 7. According to the first
to third embodiments, the control device (ECU 9) rapidly
receives such mformation regarding the rotation of the rota-
tional member 7 because of the third pulse.

According to the first embodiment, the waveform of the
third pulse differs from the wavetorm of each of the first pulse
and the second pulse.

Further, according to the second embodiment, the third
pulse includes the same waveform as one of the first and
second pulses, which 1s outputted 1n response to the mitially
determined rotational direction of the rotational member 7 1n
the determining period (1, ¢, b).

The third pulse i1s outputted in the condition where the
rotational direction of the rotational member 7 may not be
accurately determined. In other words, the third pulse 1s out-
putted regardless of the rotational state of the rotational mem-
ber 7. Accordingly, although the initially determined rota-
tional direction 1n the determining period (1, ¢, b) may not be
accurate, the wavelorm of the third pulse 1s determined in the
carly time of the determining period (1, ¢, b). Thus, the third
pulse 1s appropriately outputted over the entire determining,
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period (1, ¢, b). Further, even 1n the condition where the third
pulse does not accurately indicate the rotational direction of
the rotational member 7, at least the rotational speed of the
rotational member 7 1s outputted 1n the determining period (1,
¢, b) and an accurate pulse (first or second pulse) 1s outputted
alter the determining period (1, ¢, b) elapses. Still further, 1n
the condition where the rotational member 7 normally rotates
in one of the first and second rotational directions, the accu-
rate rotational direction of the rotational member 7 1s deter-
mined, with high possibility, 1n the early time of the deter-
mining period (1, ¢, b). In such condition, the rotation sensor
1 outputs the pulse 1n response to the rotational direction of
the rotational member 7 1n the early stage. The control device
(such as the ECU 9), which 1s configured to utilize the output
of the rotation sensor 1, estimates the rotational state of the
rotational member 7 on the basis of the third pulse so as to
start a predetermined control 1n response to the rotational
state of the rotational member 7.

According to the third embodiment, the third pulse
includes the same waveform as one of the first and second
pulses, which 1s outputted 1n response to the rotational direc-
tion opposite to the initially determined rotational direction of
the rotational member 7 in the determining period (1, ¢, b).

As described above, because the third pulse 1s outputted 1n
the condition where the rotational direction of the rotational
member 7 may not be accurately determined, 1.e., the third
pulse 1s outputted regardless of the rotational state of the
rotational member 7. In the condition where the initially
determined rotational direction 1n the determining period (1,
C, b) 1s accurate, the pulse which 1s different from the third
pulse (1.e., the first or second pulse) 1s outputted after the
determining period (1, ¢, b) elapses. Accordingly, the rotation
sensor 1 outputs one of the first to third pulses while distin-
guishing the determining period (1, ¢, b) and the time aiter the
determining period. As described above, the mitially deter-
mined rotational direction 1n the determining period (1, ¢, b)
may not surely be accurate. However, according to the third
embodiment, because the wavetform of the third pulse 1s
determined in the early time of the determining period (1, ¢, b),
the third pulse 1s appropriately outputted over the entire deter-
mining period (1, ¢, b). Thus, the control device (such as the
ECU 9) recetves the information including at least the rota-
tional speed of the rotational member 7 even 1n the determin-
ing period (1, ¢, b).

In the condition where the rotational member 7 1s 1n the
stopped state or 1n the condition where the rotational member
7 rotates at low speed (the approximately-stopped state), the
detecting portion 2 may detect, at high possibility, a noise
component for example due to the vibration of the rotational
member 7 rather than detecting the rotation of the rotational
member 7. According to the third embodiment, even in the
condition where the rotational member 7 1s 1n the stopped
state or 1n the approximately-stopped state, the rotation sen-
sor 1 outputs the pulse (the third pulse) in response to the
rotational direction opposite to the imtially determined rota-
tional direction i1n the determining period (1, ¢, b), for
example. Accordingly, the rotation sensor 1 outputs the pulse
(first or second pulse) 1n response to the rotational direction at
the early stage while restraining the influence of the detection
result due to the vibration fluctuation of such noise. The
rotation sensor 1 1s configured to suit the environment where
the rotation sensor 1 1s applied and/or to suit the usage manner
of the rotation sensor 1 in order to obtain one of the above
described effects

The principles, preferred embodiment and mode of opera-
tion of the present invention have been described in the fore-
going specification. However, the invention which is intended
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to be protected 1s not to be construed as limited to the par-
ticular embodiments disclosed. Further, the embodiments
described herein are to be regarded as illustrative rather than
restrictive. Variations and changes may be made by others,
and equivalents employed, without departing from the spritof 5

t
t

ne present mvention. Accordingly, 1t 1s expressly intended
nat all such vanations, changes and equivalents which fall

within the spirit and scope of the present invention as defined
in the claims, be embraced thereby.

The mvention claimed 1s:

1. A rotation sensor, comprising:

a detecting portion detecting a rotation of a rotational
member and outputting a detection signal;

a rotational state determining portion determining a rota-
tional state of the rotational member on the basis of the
detection signal 1n a predetermined period; and

a pulse generating portion generating and outputting a first
pulse and a second pulse, of which waveforms differ
from each other, after the predetermined period, the first
pulse being generated and outputted 1n response to a first
rotational direction of the rotational member, and the
second pulse being generated and outputted 1n response
to a second rotational direction of the rotational mem-
ber; the pulse generating portion further generating and
outputting a third pulse regardless of the rotational state
of the rotational member 1n the predetermined period.

2. A rotation sensor according to claim 1, wherein

a waveltorm of the third pulse differs from a waveform of
cach of the first pulse and the second pulse.

3. A rotation sensor according to claim 1, wherein

the third pulse includes the same waveform as one of the
first and second pulses, which 1s outputted 1n response to
an 1nitially determined rotational direction of the rota-
tional member 1n the predetermined period.

4. A rotation sensor according to claim 1, wherein

the third pulse includes the same wavetform as one of the
first and second pulses, which 1s outputted in response to
a rotational direction opposite to an mitially determined
rotational direction of the rotational member in the pre-
determined period.

5. A rotation sensor according to claim 1, wherein

the predetermined period includes a vibration determining
period,

the rotational state determining portion determines
whether the rotational member rotates or vibrates with-
out rotating in the vibration determining period,

the pulse generating portion generates and outputs the third
pulse 1n the vibration determining period,

and wherein, when the rotational state determining portion
determines that the rotational member rotates in the
vibration determining period, the pulse generating por-
tion generates and outputs one of the first pulse and the
second pulse in response to the rotational direction of the
rotational member after the wvibration determining
period elapses.

6. A rotation sensor according to claim 3, wherein

the predetermined period includes an 1mitializing period
having a calibrating period and the vibration determin-
ing period,
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and the pulse generating portion generates and outputs the
third pulse 1n the mitializing period.

7. A rotation sensor, comprising:

a detecting portion detecting a rotation of a rotational
member and outputting a detection signal;

a rotational state determining portion determining a rota-
tional state of the rotational member on the basis of the
detection signal 1n a predetermined period; and

a pulse generating portion generating and outputting a first
pulse and a second pulse, of which waveforms differ
from each other, 1n response to a rotational direction of
the rotational member after the predetermined period,
the pulse generating portion further generating and out-
putting a third pulse regardless of the rotational state of
the rotational member i the predetermined period;
wherein

the third pulse includes the same waveform as one of the
first and second pulses, which 1s outputted in response to
a rotational direction opposite to an initially determined
rotational direction of the rotational member in the pre-
determined period.

8. A rotation sensor according to claim 1, wherein

the third pulse includes information regarding a rotational
speed of the rotational member.

9. A rotation sensor, comprising:

a detecting portion detecting a rotation of a rotational
member and outputting a detection signal;

a rotational state determining portion determining a rota-
tional state of the rotational member on the basis of the
detection signal 1n a predetermined period; and

a pulse generating portion generating and outputting a first
pulse and a second pulse, of which waveforms differ
from each other, 1n response to a rotational direction of
the rotational member after the predetermined period,
the pulse generating portion further generating and out-
putting a third pulse regardless of the rotational state of
the rotational member 1n the predetermined period;
wherein

the predetermined period includes a vibration determining
period,

the rotational state determining portion determines
whether the rotational member rotates or vibrates with-
out rotating in the vibration determining period,

the pulse generating portion generates and outputs the third
pulse 1n the vibration determining period,

and wherein, when the rotational state determiming portion
determines that the rotational member rotates in the
vibration determining period, the pulse generating por-
tion generates and outputs one of the first pulse and the
second pulse inresponse to the rotational direction of the
rotational member after the wvibration determiming
period elapses.

10. A rotation sensor according to claim 9, wherein

the predetermined period includes an 1mtializing period
having a calibrating period and the vibration determin-
ing period,

and the pulse generating portion generates and outputs the
third pulse 1n the mitializing period.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

